Abstract-The dielectric properties of poliuted waters are measured with a reflection-type resonant cavity at 1.43 GHz. Very small water samples in quartz tubes of known volume are placed in the center of the maximum electric field. Measurement of the resonance-frequency variation and a change of the cavity's quality factor are used to determine the dielectric properties. The 
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/i ATTER, when heated to an equilibrium temperature T, will emit electromagnetic radiation, whose spectral dependency is governed by the Planck radiation law. At microwave frequencies the Rayleigh-Jeans approximation is valid. The emitted radiation depends on the surface emissivity.
The emissivity e is a function of the temperature T, chemical composition S, and the operating wavelength X. A nadir viewing radiometer measures the radiation in terms of brightness temperature contributions from the surface, as given by TB(X) = ex(T, S)T (1) where the emissivity e at the wavelength X is expressible in terms of the molecular temperature of the surface T and the chemical composition S (salinity and/or pollution) of the surface.
The emissivity for normal incidence is given by
where e is the dielectric constant of the radiating surface. e is a complex quantity = C/ + jf'. To close the feedback loop and to control the frequency of the microwave oscillator, the output of the phaselock analyzer is switched to the FM input. The oscillator is then locked to the resonant frequency of the cavity. This output is directly measured with a built-in frequency counter. The frequency measurements were accurate to i100 Hz.
For the determination of the power levels and coupling coefficient, the variable attenuator is calibrated for each measurement with a substitution-type system. The 20-dB directional coupler and the variable attenuator were set at a predetermined level of linearity and the signal from the second variable attenuator was mixed with the local oscillator frequency to give an IF of 30 MHz. The IF signal is then amplified by a low-noise 30-MHz amplifier and applied to the input of the variable precision attenuator. The precision attenuator was set to a convenient attenuation level with the indicator at null. An increase or decrease of the microwave power level is directly measured by resetting the variable precision attenuator for null indication. The repeatability of the setting was +0.02 dB. During this measurement the resonant cavity is detuned by inserting a copper rod into the maximum electric field along the cavity symmetry axis.
For the determination of the Q-curve the swept frequency method was used. The FM modulation input of the frequency synthesizer was connected to the function generator which provided a single sawtooth voltage. This voltage was also applied to the x-input of the XY plotter which records all measurements. In order to calculate the Q of the cavity a frequency scale is needed. This scale was generated by converting the frequency counter output of the frequency synthesizer from digital information to an analog voltage (30-kHz markers).
The quality factors Q of (5) are calculated from the measured values by [2] (P - (6) where Af is the frequency difference at the relative power level (reflected to incident) Pr/Po, the coupling coefficient at resonance, andfR the resonant frequency. A typical XY plot of a resonance curve, its frequency derivative, and a frequency scale is shown in Fig. 2 . This plot represents one value of E' and e" in the matrix for one pollution INTRODUCTION C ESIUM BEAM frequency standard and clock technology has evolved along two fundamentally different paths [1] . One has led to the commercial development of devices for which reliability, rugged construction, portability, and operational simplicity have taken precedence over accuracy and long-term frequency stability. The other has led to the construction, in only a few national laboratories, of large complex primary standards of time and frequency for which accuracy and long-term stability are the primary considerations, and all other factors are of secondary importance. In the former case the clock accuracy is typically 5 X 10-12, and in the latter, I X 10-13. In addition, design of the primary clocks is such that their systematic frequency corrections can be evaluated independently at appropriate intervals, so that the much higher level of accuracy can be maintained indefinitely. In 
